Background: Breast cancer is a heterogeneous disease with different molecular and histologic subtypes, clinical behaviors and prognosis. The same stage of disease and similar histopathological characteristics may show different treatment responses. Identification of breast cancer subtypes has become important for planning the targeted therapy and personalized management of patients. Objectives: To compare the clinicopathologic findings, dynamic contrast enhanced-magnetic resonance imaging (DCE-MRI) characteristics and associated MRI findings among breast cancer molecular subtypes. Patients and Methods: 267 pathologically proven invasive breast cancers in 263 patients were included. Clinicopathological findings, DCE-MRI findings and associated MRI findings were retrospectively evaluated and compared among breast cancer subtypes. Results: Invasive ductal carcinoma was the most common histological tumor type (87.6%). There were 222 (83.1%) masses and 45 (16.9%) non-mass enhancements. The molecular subtypes were luminal A in 174 (65.1%), luminal B in 45 (16.9%), human epidermal growth factor receptor 2 (HER2) positive in 24 (9%) and triple negative (TN) in 24 (9%) of the lesions. Spiculated mass margin was significantly associated with luminal A breast cancer (45.2%) and irregular shape was significantly more common in luminal A (86.3%) and luminal B lesions (95.1%) (P < 0.001). Larger mass size (P = 0.027), non-mass enhancement (P = 0.005), perilesional + prepectoral edema and skin + perilesional + prepectoral edema were significantly associated with HER2 positive breast cancer (P = 0.001). Higher histological grade, oval mass shape, circumscribed mass margin, intratumoral high/very high signal intensity on T2 weighted image (T2WI) were significantly associated with TN breast cancer (P < 0.001). Conclusion: Histological grade, size and morphological features of masses on DCE-MRI, intratumoral signal intensity on T2WI and edema pattern would be helpful to distinguish breast cancer subtypes.
Background
Breast cancer is a heterogeneous disease with diverse clinical behaviors, histologic subtypes, treatment responses and outcome. Traditional criteria for treatment choices are the size of the tumor, histological grade, lymph node involvement, local invasion and distant metastases according to the American Joint Committee on Cancer's TNM staging classification (1) . However, patients with the same stage of cancer and similar histopathological characteristics may show different clinical behavior and prognosis. Advances in gene expression analyses with DNA microarray technology have provided new molecular subtypes: Luminal A, luminal B, human epidermal growth factor receptor 2 (HER2)-enriched, and basal-like (2, 3) . Immunohistochemical (IHC) staining is a reliable surrogate for these subtypes. Breast cancer subtypes are determined according to expression of the estrogen receptor (ER), the progesterone receptor (PR) and HER2 by IHC analysis. Clinically, the term "triple-negative (TN) cancer" is used as a substitude for basal-like breast cancer. Luminal A tumors have the best prognosis and tend to benefit from en-docrine therapy. Although luminal B subtypes have ERs, they are relatively insensitive to endocrine therapy and tend to be higher grade than luminal A tumors (4) . HER2 positive tumors are likely to respond to targeted therapy (trastuzumab). TN breast cancers have agressive histologic characteristics and poor prognosis and do not respond to targeted or endocrine therapies (5) . These differences in clinical behavior between molecular subtypes require personalized management of breast cancer patients.
Dynamic contrast enhanced magnetic resonance imaging (DCE-MRI) is an efficient imaging technique in evaluating breast cancer patients for preoperative surgery planning and treatment choices. The correlation of imaging findings with molecular subtypes of breast cancer is an emerging area of recent studies. There have been several reports on the morphologic features, diffusion weighted MRI characteristics and kinetic parameters of breast cancer molecular subtypes. Most previous studies were related to TN breast cancer because of the aggressive nature and unresponsiveness to the targeted therapies (6) (7) (8) (9) . There are few reports in the literature on the associated MR imaging features of different molecular subtypes of breast cancer (10, 11) .
Objectives
The aim of the this study was to compare clinicopathologic findings, DCE-MRI characteristics and associated MRI findings among breast cancer molecular subtypes.
Patients and Methods

Patients
This single institutional study was approved by the ethics committee of our university. Informed consent was waived due to retrospective design of the study. We retrospectively analyzed clinical records and breast MR images of 307 patients who were diagnosed with breast cancer at our instution. All MR images were obtained prior to treatment. Forty-four patients were excluded from the study. Of these, two had a nondiagnostic MRI, two had an axillary located lesion, six did not have a visible lesion on MRI, five had an unknown HER2 receptor status at histopathology, two were in lactating period, six had ductal carcinoma in situ, 16 received neoadjuvant therapy and five had a mass and non-mass enhancing lesion in the same breast. The remaining 263 patients were included in the present study. Four patients had contralateral breast cancer at the same time. Therefore, 267 invasive breast cancers were analyzed in this study.
MR Imaging Technique
MR imaging was performed on a 1.5 T scanner (Gyroscan Intera, Philips, Medical Systems, Best, the Netherlands) with breast surface coil. Imaging sequence parameters were T1 weighted turbo spin-echo (TSE) axial sequence (repetition time msec/ echotime msec, 550/11; slice thick- flip angle, 10) was used for dynamic contrast-enhanced examination before and 6 times after intravenous administration of 0.1 mmol/kg of gadobutrol (Gadovist; Bayer Schering Pharma, Berlin, Germany). The contrast agent was injected into the antecubital vein with an injection rate of 2 mL/sec and followed by an 20 mL saline flush. Dynamic contrast-enhanced image acquisition was started just after the injection. The acquisition time of each phase was 80 seconds. The total acquisition duration of MRI protocol was 20 minutes.
Image Analysis
MR images were retrospectively interpreted by two radiologists (SD, SO), experienced in breast MRI, blinded to the clinicopathologic data. Disagreements were solved by consensus. All enhancing lesions were evaluated by using the 5th edition of the American College of Radiology (ACR) breast imaging reporting and data system (BI-RADS) MR lexicon (12) . Mass lesions were interpreted in terms of size (the largest diameter), shape, margin, internal enhancement, multifocality (more than one lesion in the same quadrant with the index tumor), multicentricity (more than one lesion in the different quadrant from the index tumor), Non-mass lesions were evaluated for distribution and internal enhancement characteristics. All lesions were reviewed for time-signal intensity curve pattern (persistent, plateau, and washout) and intratumoral signal intensity on the T2 weighted image (T2WI) (classified as lower than-equivalent to, or higher than-very higher than that of the surrounding normal glandular tissue). Timesignal intensity curves were obtained by manually placing a region of interest (ROI), greater than 3 pixels, on the most intensely enhancing area of the lesion. During the ROI placement, special care was taken to avoid cystic-necrotic areas of the lesion or perilesional fatty tissue. ROI placement was repeated at least three times and the most suspicious curve was noted for each lesion.
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We furthermore analyzed all lesions for associated MR imaging findings such as skin or nipple invasion, chest wall or pectoralis muscle invasion, and edema. Skin or nipple invasion and chest wall or pectoralis muscle invasion were described as abnormal enhancement of these locations. Edema was subclassified as absent, perilesional edema, skin edema, perilesional + skin edema, perilesional + prepectoral edema, perilesional + prepectoral + skin edema.
Histopathologic Assessment
Pathological reports of breast-conserving surgery or mastectomy specimens were retrospectively analyzed to identify histological type, grade, and involvement of the lymph nodes. All pathologic specimens were obtained in the absence of systemic therapy. Histologic type was determined according to the World Health Organization classification system. Modified Bloom-Richardson grading system was used for histopathologic grading in patients with invasive ductal carcinoma-no otherwise specified (IDC-NOS) (13) . The descriptions of the lesions on MR images such as multifocality, multicenticity, skin or nipple invasion, chest wall or pectoralis muscle invasion were correlated with final histopathologic results. In patients with multifocal-multicentric disease or multiple regional nonmass enhancement, IHC staining findings of index lesion (the largest one) were analyzed. IHC staining was carried out with appropriate antibodies for ER (Novocastra, Newcastle upon Tyne, UK), PR (Novocastra) and HER2 (NeoMarkers, Fremont, CA, USA). ER and PR status were determined by using the Allred score (ranging from 0 to 8). The results were categorized as positive when the total score (the sum of the proportion score and immunointensity score) was 3 or more. In point of HER2 evaluation, membranous staining score 0 or 1+ was considered as HER2-negative and score 3+ was considered as HER2-positive. In tumors with a score 2+, silver-enhanced in situ hybridization testing (SISH) was used to evaluate HER2/chromosome 17 ratio. A HER2/ chromosome 17 ratio more than 2.2 was considered positive.
Based on ER, PR and HER2 status, tumors were subclassified into the following four groups: luminal A (ER+ and/or PR+, HER2-), luminal B (ER+ and/or PR+, HER2+), HER2 positive (ER-, PR-, and HER2+), and TN (ER-, PR-, HER2-).
Statistical Analysis
Histogram and q-q values were analyzed and ShapiroWilk's test was applied to check the normality. Levene test was applied to test variance homogeneity. To compare the differences among groups, Chi-square analysis was used for categorical comparisons, one-way analysis of variance (ANOVA) or Kruskal-Wallis H test was used for continuous variables. Bonferroni adjusted z test and Tukey tests were applied for multiple comparisons. Logistic regression analyses were used to identify the risk factors of TN breast cancer. Odds ratios are calculated with 95% confidence intervals. Significant variables at P < 0.05 were included into multiple model and backward elimination was applied using Wald statistic. Analyses were conducted using R 3.2.3 (www.r-project.org) software. A P value less than 0.05 was considered as statistically significant.
Results
Clinicopathological Findings
All patients were women and the patients' ages ranged from 21 to 86 years (mean, 50.07 ± 11.82 years). Clinicopathological characteristics of patients are summarized in Table 1 . Invasive ductal carcinoma (IDC) was the most common histological tumor type (234/267, 87.6%), followed by invasive lobular carcinoma (ILC) (17/267, 6.4%). The other histological types were detected in a small number of patients such as musinous carcinoma in five, medullary carcinoma in three, papillary carcinoma in four, micropapillary carcinoma in one, cribriform carcinoma in one, secretory carcinoma in one, and neuroendocrine carcinoma in one patient. Therefore, statistical analysis could not be performed in terms of histological types.
The tumor subtypes by immunohistochemistry were luminal A in 174 (65.1%), luminal B in 45 (16.9%), HER2 positive in 24 (9%), and TN in 24 (9%) of the lesions. Regarding histological grade, grade 3 tumors were significantly higher in TN breast cancer (81%) (P < 0.001) than that of luminal A (25%), luminal B (31%) lesions. Axillary lymph node involvement was seen most frequently in HER2 positive breast cancer (15/24, 62.5%). There were no significant differences in age (P = 0.675) and axillary lymph node involvement among tumor subtypes (P = 0.278). (Figure 1 ). The median tumor size of mass lesions on MRI was significantly larger in (Figure 3) . The percentage of high/very high signal intensity on T2WI of TN breast cancers (14/24, 58.3%) was significantly higher than that of luminal A cancers (35/174, 20.1%) (P < 0.001). Intratumoral signal intensity on T2WI (P = 0.049) and mass margin (P < 0.001) were independent predictors of the mass type TN breast cancer at multiple logistic regression analysis (Table 3 and Figure 4 ).
MR Imaging Findings
There was no statistically significant difference in internal enhancement pattern of mass (P = 0.493) and nonmass lesion (P = 0.710), distribution of non-mass lesion (P = 0.474) and time-signal intensity curve pattern (P = 0.134) among breast cancer subtypes.
When all mass and non-mass lesions were evaluated together regarding associated MR imaging findings, there was no statistically significant difference involving skin or nipple invasion (P = 0.934) and chest wall or pectoralis muscle invasion (P = 0.148) among breast cancers subtypes (Table 4) . Perilesional + prepectoral edema and skin + perilesional + prepectoral edema were significantly associated with HER2 positive breast cancer (4/24, 16.7% and 6/24, 25%) compared with luminal A cancers (4/174, 2.3% and 10/174, 5.7%) (P = 0.001). However, when mass and nonmass lesions were analyzed separately, chest wall or pectoralis muscle invasion was significantly associated with TN breast cancer (1/3, 33.3%) compared with luminal A cancers (0/28, 0%) (P = 0.003) in non-mass lesions. In addition, perilesional + prepectoral edema was significantly associated with HER2 positive tumors (3/14, 21.4%) compared with luminal A cancers (4/146, 2.7%) (P = 0.049) in mass lesions.
Discussion
Identification of breast cancer subtypes has become important for planning the targeted-endocrine therapy and optimal management of patients. The present study showed that there were significant differences in histological grade, lesion type (mass-nonmass), size, shape, margin features of mass lesions, intratumoral signal intensity on T2WI, and edema pattern among breast cancer molecular subtypes.
Our findings revealed that the most common histological type was IDC. The other histological types were diagnosed in a small number of patients. Uematsu et al. (8) found that metaplastic and medullary carcinoma were significantly associated with TN breast cancer. Costantini et al. (6) reported that there were no statistically differences among the molecular subtypes in terms of histological type. Special type breast cancers such as cribriform, metaplastic, medullary carcinoma are relatively rare histological subtypes. We think that further studies with a great number of patients are required to clarify the relationship between special histological type and molecular subtypes of breast cancer.
Luminal A is the most common molecular subtype and typically has the best prognosis (14) . Luminal B subtype is more aggressive than luminal A cancers (15) . Our study revealed that the majority of luminal A and luminal B tumors were seen as irregular shaped mass with irregular/spiculated margin and heterogeneous enhancement. There was no significant difference between imaging findings of luminal A and luminal B breast cancers. To the best of our knowledge, there is only one published report distinguishing the MRI appearances of luminal A and luminal B tumors. Kato et al. (16) reported that rim enhancement was significantly more common in luminal B cancers than luminal A cancers. A spiculated mass margin was reported to be associated with lower histologic grade and would be a major feature for differentiating between ER-positive and ERnegative cancers (16, 17) . Spiculated mass margin was associated with luminal A breast cancers compared with TN lesions in our study. Irregular shaped, irregular/spicular marginated, heterogeneous enhanced mass with lower histological grade may suggest ER + breast cancer.
HER2 positive breast cancers tend to have poor prognosis (18) . HER2 positive breast cancers constitute 10% -15% of the all breast cancers (19) . HER2 positive subtype was seen in 9% of tumors in the present study. The present study revealed that a larger tumor size and non-mass enhancement were significantly more common in HER2 positive tumors. Also, multifocality and multicentricity were more common in patients with HER2 positive breast cancer than the other subtypes. To our knowledge, there are a limited number of reports on the specific appearances of HER2 positive tumors. Grimm et al. (10) reported that multicentric or multifocal disease was significantly more frequent in luminal B and HER2 positive subtypes.
Edema pattern was classified into five subgroups and we found that perilesional + prepectoral edema and skin + perilesional + prepectoral edema were associated with HER2 positive breast cancer compared with the luminal A cancers. Alili et al. (20) reported that perilesional edema was more common in HER positive cancers than luminal subtypes. Our results support their study. The present study is the first study to evaluate edema pattern as five subgroups and we described significant difference in edema pattern.
TN breast cancers have the worst prognosis of all tumor types and they are responsible for a large percentage of deaths, due to aggressive characteristics and absence of specific treatment (7, 21) . In our study, TN breast cancers were associated with a higher histological grade, oval mass shape, circumscribed mass margin and high/very high sig- nal intensity on T2WI. Multiple logistic regression analysis identified the intratumoral signal intensity on T2WI and mass margin as independent predictors of the TN breast cancer. High intratumoral signal intensity on T2WI, corresponding to necrosis is associated with a poor prognos- suggestive of benign breast lesions, rim enhancement may alert the radiologist to the presence of an aggressive lesion (23, 24) . Rim enhancement was reported as a significantly associated finding with TN tumors (8) . In the present study, rim enhancement was seen most frequently in TN subtype. Uematsu et al. (8) reported that 66% of TN tumors were unifocal, with the remainder being multifocal; there was no multicentricity. Dogan et al. (9) later reported that multicentric disease was seen in 23% of the TN breast cancers. In our study, most of the TN cancers were unifocal (85.7%), but multifocal and multicentric disease were seen in 9.5% and 4.8% of the TN cancers, respectively. There are diverse results about the age of TN breast cancer patients. Costantini et al. (6) found that a younger age was significantly associated with the TN subtype. In the present study, there was no significant difference between age and breast cancer subtypes.
The present study revealed that there were no significant differences in distribution and internal enhancement pattern of the non-mass lesion, and time-signal intensity curve pattern among breast cancer subtypes. Non-mass enhancement is a relatively rare presentation of breast cancers. Distribution and internal enhancement features of non-mass lesions were previously reported by Youk et al. (16) (14.3%, 14/98). We reported imaging features of 45 (16.9%) non-mass enhancing lesions and there were no significant differences in distribution and internal enhancement features of non-mass lesions in agreement with previous reports (7, 16) . We also found that chest wall or pectoralis muscle invasion was significantly associated with TN breast cancer compared with luminal A cancers in nonmass lesions. However, patient numbers were too small in these groups. Further studies with a large number of patients are needed to analyze the features of non-mass lesions in different breast cancer subtypes. Time-signal intensity curves have been used to differentiate benign and malignant lesions. Different curve patterns were reported in each molecular subtypes previously (6-9) but there is no conclusive data about the possibility of reliably differentiating breast cancer subtypes based on the time-signal intensity curves.
The major limitation of the present study was the retrospective study design. Another limitation was that the numbers of HER2 positive and TN tumors were small.
In conclusion, histological grade, size and morphological features of masses on DCE-MRI, intratumoral signal intensity on T2WI and edema pattern would be useful to differentiate breast cancer molecular subtypes. The combined analysis of histopathologic findings and DCE-MRI findings may provide prediction of molecular subtypes of breast cancer to plan the personalized therapy and optimal management of patients. Further prospective studies with a large number of subjects are needed to evaluate diagnostic performances of MR imaging for differentiating tumor subtypes.
Footnotes
Authors' Contributions: Study concept and design, Serap Dogan, Soner Ozmen; acquisition of data, Serap Dogan, Soner Ozmen; analysis and interpretation of data, Serap Dogan, Soner Ozmen; drafting of the manuscript, Serap Dogan, Hakan Imamoglu; critical revision of the manuscript for important intellectual content, Guven Kahriman; statistical analysis, Gokmen Zararsiz; administrative, technical, and material support, Hakan Imamoglu; study supervision, Mustafa Ozturk.
Financial Disclosure:
The authors declare that they have no conflict of interest.
Funding/Support: This study was not funded by any funding source.
